Introduction
============

Gastric cancer (GC) is one of the major malignancies worldwide ([@b1-ol-0-0-10496]). The overall 5-year survival rate of patients with GC remains poor ([@b2-ol-0-0-10496]). The poor prognosis of patients with this disease results from late diagnosis and a poor response to available therapies. Cisplatin (DDP)-based chemotherapy is the main treatment strategy for GC ([@b3-ol-0-0-10496]). Although combined drug therapy pre- and post-surgery has increased overall survival, drug resistance continues to be a major clinical obstacle to therapeutic efficacy ([@b4-ol-0-0-10496]). Drug resistance is categorized into two types: i) Intrinsic resistance, in which tumors are resistant to the drug prior to treatment, thereby preventing the drug from effectively treating the tumor even with early diagnosis; ii) acquired resistance, in which resistance to the drug is formed after prolonged cycles of chemotherapy despite an initial positive reaction. Cisplatin typically kills tumor cells by inducing apoptosis; however, it has been revealed that many solid tumors are resistant to drug-induced apoptosis ([@b5-ol-0-0-10496]). Therefore, it is essential to identify novel molecular markers for improving the sensitivity of GC cells to cisplatin.

MicroRNAs (miRNAs) are small non-coding RNAs (19--24 nucleotides in length) that regulate gene expression at the post-transcriptional level through base pairing with the 3′-untranslated region (3′-UTR) of target mRNAs, resulting in translational repression or degradation of the mRNAs ([@b6-ol-0-0-10496],[@b7-ol-0-0-10496]). An increasing number of miRNAs have been demonstrated to be implicated in the mechanism of drug resistance and the genes or pathways involved in drug resistance ([@b8-ol-0-0-10496]). Upregulation of miR-101 has been revealed to enhance cellular sensitivity to cisplatin treatment by promoting the apoptosis-inducing effects of cisplatin in GC ([@b9-ol-0-0-10496]). Previous studies demonstrated that miR-362-5p serves a critical role in malignant tumors. By collecting seven publicly available and independent renal cell carcinoma miRNA expression profiling datasets, Ying *et al* ([@b10-ol-0-0-10496]) revealed that hsa-miR-362-5p is downregulated in renal carcinoma. Ni *et al* ([@b11-ol-0-0-10496]) have demonstrated that miR-362-5p targets the cylindromatosis gene, thereby promoting hepatocellular carcinoma cell growth and metastasis. It has also been demonstrated that upregulation of miR-362-5p significantly accelerates proliferation, migration and invasion of human breast cancer MCF7 cells ([@b12-ol-0-0-10496]). However, the biological role of miR-362-5p in SGC7901/DDP cells remains to be explored.

Suppressor of zeste 12 protein (SUZ12) is a core component of polycomb repressive complex 2 (PRC2), which epigenetically silences gene transcription ([@b13-ol-0-0-10496]). In addition to SUZ12, PRC2 contains the embryonic ectoderm development protein and the catalytic subunit enhancer of zeste 2 polycomb repressive complex 2 ([@b14-ol-0-0-10496]), which is involved in the pathogenesis of GC ([@b15-ol-0-0-10496]). Amplification and overexpression of SUZ12 have been observed in multiple tumor types, such as GC, ovarian cancer and non-small cell lung cancer ([@b16-ol-0-0-10496]--[@b18-ol-0-0-10496]). Moreover, there is evidence that SUZ12 serves an important role in GC by acting as an oncogene ([@b16-ol-0-0-10496]). However, the role of SUZ12 in the cisplatin resistance of GC cells has yet to be investigated.

The present study investigated the potential function of miR-362-5p *in vitro* and aimed to further understand its underlying mechanism in cisplatin-resistant GC cells. In addition, this study defined the molecular mechanism of SUZ12. These findings may provide novel insights into the tumor biology of GC.

Materials and methods
=====================

### Cell lines and culture

The human GC cell line SGC7901 and the corresponding cisplatin-resistant cell line SGC7901/DDP were obtained from Nanjing KeyGen Biotechnology Company. Cells were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.), containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 mg/ml streptomycin. To maintain the cisplatin-resistant phenotype of SGC7901/DDP cells, cisplatin (800 ng/ml; Jiangsu Hansoh Pharmaceutical Group Co., Ltd.) was added to the medium. The cells were maintained in a humidified incubator with an atmosphere of 5% CO~2~ at 37°C.

### Total RNA extraction and quality control

Total RNA was extracted from cells (\~1×10^7^ cells) using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. RNA levels were measured using a Nanodrop 2000 spectrophotometer (NanoDrop Technologies; Thermo Fisher Scientific, Inc.) at UV absorbances of 260, 280 and 230 nm. All RNA samples used met pre-determined quality control standards (A260/A230 \>2.0; A260/A280 \>1.8).

### miRNA microarray analysis

miRNAs from \~1×10^7^ cells were extracted using the miRVana™ miRNA isolation kit (cat. no. AM1560, Ambion; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. The miRNAs extracted from three matched pairs of SGC7901 and SGC7901/DDP cells were labeled and hybridized with an Affymetrix GeneChip miRNA 4.0 Array (Affymetrix; Thermo Fisher Scientific, Inc.), which contained miRNAs from the miRBase v20 database (<http://www.mirbase.org/>). The microarray was scanned by CapitalBio Technology Corporation. The data were normalized and analyzed using GeneSpring 13.0 software (Agilent Technologies, Inc.). Student\'s t-test was used for analysis between two groups of data. Differential expression of miRNA was defined as a difference of \>2-fold in miRNA expression that was statistically significant at P\<0.05. Cluster analysis and graphical presentation of the data were performed using Cluster 3.0 software (developed by Michael Eisen, updated by Michiel de Hoon, University of Tokyo, Human Genome Center).

### Prediction of miRNA target genes

The mature miRNA sequences were acquired from miRBase (<http://www.mirbase.org/index.shtml>). Potential miRNA targets were predicted using [microRNA.org](microRNA.org) (<http://www.microrna.org/microrna/getMirnaForm.do>) and miRDB (<http://mirdb.org>).

### Reverse transcription-quantitative PCR (RT-qPCR)

To detect the expression of miR-362-5p, RT-qPCR was performed using Hairpin-it™ microRNAs (GenePharma) and U6 snRNA Normalization RT-qPCR Quantitation kits (GenePharma) according to the manufacturer\'s instructions. U6 was selected as the internal control for miRNA-362-5p expression. The primers of miR-362-5p and U6 were purchased from GenePharma and the sequences were as follows: miR-362-5p RT primer 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACTCAC-3′, PCR primers, forward 5′-GTCACGAAATCCTTGGAACCTAG-3′ and reverse 5′-TATGGTTGTTCTCGTCTCCTTCTC-3′; and U6 RT primer 5′-CGCTTCACGAATTTGCGTGTCAT-3′, PCR primers, forward 5′-GCTTCGGCAGCACATATACTAAAAT-3′ and reverse 5′-CGCTTCACGAATTTGCGTGTCAT-3′. The miRNA RT reactions were performed as follows: 25°C for 30 min, 42°C for 30 min, 85°C for 5 min and save at 4°C The PCR reactions were performed as follows: Prevariant at 95°C for 3 min, cyclic reaction at 95°C for 12 sec and 62°C for 40 sec and for 40 cycles. For analysis of SUZ12 mRNA expression, total RNA was reverse-transcribed using a PrimeScript™ RT Reagent kit (Takara Bio, Inc.). RT-qPCR was performed using SYBR^®^ Premix *Ex Taq*™ II (Takara Bio, Inc.). β-actin was used as the internal control. The PCR primers of mRNA were purchased from Sangon Biotech Co., Ltd. and the sequences of primers were as follows: SUZ12, forward 5′-ATTCATCGCCAACCTGGATT-3′, reverse 5′-TGGCCTGCACACAAGAATATG-3′; β-actin, forward 5′-ATTCCTATGTGGGCGACGAG-3′, reverse 5′-AGAGGCGTACAGGGATAGCA-3′. The mRNA RT reactions were performed as follows: 37°C for 15 min, 85°C for 5 sec and save at 4°C The PCR reactions were performed as follows: Prevariant at 95°C for 30 sec, cyclic reaction at 95°C for 5 sec and 60°C for 30 sec and for 40 cycles. All reactions were performed in triplicate on a LightCycler 96 System (Roche Applied Science). The relative expression levels of miR-362-5p and SUZ12 mRNA were calculated using the 2^−ΔΔCq^ method ([@b19-ol-0-0-10496]) and were normalized to the U6 and β-actin expression levels, respectively.

### Lentiviral transfection, stable cell line establishment and siRNA transfection

The lentiviral vector carrying miR-362-5p mimic-green fluorescent protein (GFP)-puromycin, the negative control-GFP-puromycin or miR-362-5p inhibitor small interfering RNA (siRNA)-GFP-puromycin and the corresponding viruses \[(1×10^8^ plaques forming units (pfu)\] were constructed by GenePharma. Prior to transfection, \~2×10^5^ cells were plated into six-well plates. When the cells were in the logarithmic growth phase, they were then infected with lentivirus with a multiplicity of infection of 10 pfu/cell. RPMI-1640 medium without penicillin and streptomycin was added to the wells for cell culture. Cells were transfected for 24 h at 37°C, and the culture medium containing lentivirus was removed from the wells and fresh complete medium was added for continued cell culture. At 72 h, the expression of GFP was observed under a fluorescence microscope to determine transfection efficiency. As the lentiviral vectors also carried the gene expressing a puromycin resistance protein, purified cells were obtained by screening with puromycin. RT-qPCR was performed to verify the efficiency of miR-362-5p upregulation or downregulation. The siRNA specific for SUZ12 (si-SUZ12) and negative control siRNA (si-NC) were synthesized by GenePharma. The sequences of siRNAs were as follows: si-SUZ12 5′-CUGCCUCCAUUCGAAACAUTTAUGUUUCGAAUGGAGGCAGTT-3′ and si-NC 5′-UUCUCCGAACGUGUCACGUTTACGUGACACGUUCGGAGAATT-3′. Prior to transfection, \~5×10^5^ cells were seeded in 6-well plates. After 24 h incubation at 37°C, cells were transfected with si-SUZ12 (100 pmol) or si-NC (100 pmol) using 5 µl Lipofectamine^®^ 2000 (Thermo Fisher Scientific, Inc.) and maintained at 37°C in a humidified incubator containing 5% CO~2~ for 48 h.

### Western blotting

Cells (\~1×10^7^) were washed twice with PBS and lysed in RIPA buffer (Thermo Fisher Scientific, Inc.) supplemented with protease inhibitors (Thermo Fisher Scientific, Inc.) on ice for 30 min. Cell lysates were centrifuged for 15 min (13,000 × g; 4°C), and the supernatant was collected. Protein concentrations were quantified by the bicinchoninic acid assay method (Thermo Fisher Scientific, Inc.). Proteins (60 µg) were separated by 10% SDS-PAGE. Subsequently, the proteins were transferred to a PVDF membrane (Merck KGaA) and blocked with 5% skimmed milk for 4 h at 4°C The membrane was incubated with antibodies against SUZ12 (cat. no. ab175187; 1:1,000; Abcam), caspase-3 (cat. no ab184787; 1:1,000; Abcam), cleaved-poly-(ADP-ribose) polymerase (PARP; cat. no 5625S; 1:1,000; Cell Signaling Technology, Inc.), NF-κB (cat. no. 8242S; 1:1,000; Cell Signaling Technology, Inc.), β-actin (cat. no. 4970S; 1:1,000; Cell Signaling Technology, Inc.) or GAPDH (cat. no. 5174S; 1:1,000; Cell Signaling Technology, Inc.) at 4°C overnight. Following three washes with TBS + Tween-20 (0.05%, v/v), the membrane was incubated with horseradish peroxidase-conjugated secondary antibodies at 4°C for 4 h. Protein bands were visualized with an enhanced chemiluminescence reagent kit (Thermo Fisher Scientific, Inc.) using Fine Do X6 imaging system (Tanon Science and Technology Co., Ltd.). Protein expression levels were semi-quantified using the Tanon 3500/3500R gel imaging system (Tanon Science and Technology Co., Ltd.) and normalized to the expression of the internal control GAPDH or β-actin.

### Cell viability assay

Cells were plated into 96-well plates (5×10^3^ cells/well). At 24 h post-transfection, the cells were treated with a range of concentrations of cisplatin at 37°C. At 48 h post-transfection, 20 µl MTT (5 mg/ml; Sigma-Aldrich; Merck KGaA) was added to each well, followed by culturing for 4 h in an incubator with an atmosphere of 5% CO~2~ at 37°C. To dissolve the crystals, 150 µl DMSO (Sigma-Aldrich; Merck KGaA) was added to each well, and the plates were agitated lightly for 10 min. The absorbance of the samples at 490 nm was measured with an ELx800 spectrophotometer (BioTek Instruments, Inc.). The median inhibitory concentration (IC~50~) for cisplatin was estimated based on the cell viability using SPSS 16.0 software. All reactions were performed in triplicate.

### Apoptosis assay

The apoptotic rates of SGC7901/DDP and SGC7901 cells were evaluated by flow cytometry (FCM) with an Annexin V-FITC/propidium iodide (PI) Cell Apoptosis Detection kit (BestBio). SGC7901/DDP and SGC7901 cells (\~1×10^6^ cells) were treated with cisplatin at a final concentration of 0.8 and 0.3 µg/ml, respectively. Following 48 h of treatment at 37°C the cells were collected and washed twice with ice-cold PBS. Cells were resuspended with 400 µl of 1X binding buffer and maintained at a final density of approximately 1×10^6^ cells/ml. Annexin V-FITC (5 µl) was added to the suspension, which was incubated in the dark for 15 min at room temperature. Following the addition of PI (10 µl) to the suspension, cells were incubated for an additional 5 min in the dark at room temperature. Subsequently, cell apoptosis was assessed (early + late) using a Gallios flow cytometer (Beckman Coulter, Inc.).

### Statistical analysis

All experiments were repeated at least three times. Statistical analyses were performed using SPSS 16.0 software (SPSS, Inc.). Data are expressed as the mean ± standard deviation. Comparison between two groups was analyzed by t-test. ANOVA was used for comparison between multiple groups followed by the Least Significant Difference post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-362-5p screening in cisplatin-sensitive and cisplatin-resistant GC cells

The differential miRNA expression profiles between SGC7901/DDP cells and SGC7901 cells were obtained by miRNA microarray analysis. The Affymetrix miRNA GeneChip 4.0 was used to scan and quantify the signal intensity of probes of 1,316 human mature miRNAs on the chips for the two cell lines. The results indicated that 48 miRNAs were significantly differentially expressed (\>2-fold) in SGC7901/DDP cells relative to the parental cells, including 19 upregulated miRNAs and 29 downregulated miRNAs. miR-362-5p was revealed to be downregulated in SGC7901/DDP cells and was selected for further research to determine its function in the cisplatin resistance of GC cells. Cluster analysis was performed with Cluster 3.0 software ([Fig. 1A](#f1-ol-0-0-10496){ref-type="fig"}). To study the potential effects of miRNA-362-5p on the cisplatin resistance of GC, the difference in miR-362-5p expression between SGC7901 cells and SGC7901/DDP cells was determined by RT-qPCR. The results revealed that the expression level of miR-362-5p was significantly lower in SGC7901/DDP cells compared with expression in SGC7901cells (P\<0.01; [Fig. 1B](#f1-ol-0-0-10496){ref-type="fig"}). These results suggested that reduced expression of miR-362-5p may be associated with cisplatin resistance in SGC7901/DDP cells.

### Overexpression of miR-362-5p reverses cisplatin resistance in SGC7901/DDP cells

To further determine the association between cisplatin resistance and the regulation of miR-362-5p expression, the effects of miR-362-5p upregulation on cisplatin resistance in cisplatin-resistant SGC7901/DDP cell lines were investigated. Lentiviral plasmids carrying miR-362-5p mimic or negative control miRNA were transfected into SGC7901/DDP cells. After screening with puromycin, the GFP-positive rate of the cells subjected to lentiviral transfection was \>90% based on fluorescence microscopy ([Fig. 2A and B](#f2-ol-0-0-10496){ref-type="fig"}). RT-qPCR was performed to verify the transfection efficiency in the constructed cell lines, and the results demonstrated that miR-362-5p expression levels were significantly increased (P\<0.01; [Fig. 2C](#f2-ol-0-0-10496){ref-type="fig"}). After stable cell line establishment, the cells were treated with different concentrations of cisplatin for 48 h. The IC~50~ for cisplatin was estimated based on cell viability. The SGC7901/DDP cells transfected with miR-362-5p mimic exhibited a notably lower survival status compared with control SGC7901/DDP-NC and SGC7901/DDP cells (IC~50~, 1.609±0.332 vs. 5.133±0.569 and 5.161±0.641 µg/ml, respectively; P\<0.01; [Fig. 2D](#f2-ol-0-0-10496){ref-type="fig"}). These results indicated that upregulation of miR-362-5p may enhance the cisplatin sensitivity of cisplatin-resistant GC cells.

### Inhibition of miR-362-5p enhances the cisplatin resistance of SGC7901 cells

Based on the aforementioned results, the effects of miR-362-5p inhibition on cisplatin-induced cytotoxicity in cisplatin-sensitive SGC7901 cell line was further investigated. SGC7901 cells were transfected with lentiviral plasmids carrying miR-362-5p inhibitor or its negative control. The transfected cells were screened with puromycin and then observed for fluorescence ([Fig. 3A and B](#f3-ol-0-0-10496){ref-type="fig"}). The data from RT-qPCR revealed that the miR-362-5p inhibitor significantly decreased the expression level of miR-362-5p in SGC7901 cells compare with negative control and blank control (P\<0.001; [Fig. 3C](#f3-ol-0-0-10496){ref-type="fig"}), which confirmed that the cells were successfully transfected. Subsequently, a range of concentrations of cisplatin was applied to the cultures and the IC~50~ for cisplatin was estimated based on cell viability. Cisplatin sensitivity was significantly attenuated in SGC7901 cells transfected with the miR-362-5p inhibitor compared with the control SGC7901-NC and SGC7901 cells (IC~50~, 0.676±0.042 vs. 0.286±0.025 and 0.300±0.009 µg/ml, respectively; P\<0.01; [Fig. 3D](#f3-ol-0-0-10496){ref-type="fig"}). These data verified that downregulation of miR-362-5p enhances the cisplatin resistance of cisplatin-sensitive GC cell lines.

### miR-362-5p modulates cisplatin resistance by targeting SUZ12 in GC cells

To explore the mechanism of miR-362-5p-mediated cisplatin resistance in human GC cells, the bioinformatics algorithms in the [microRNA.org](microRNA.org) and miRDB databases were used to search for possible targets of miR-362-5p. The databases predicted SUZ12 as a target of miR-362-5p. The 3′-UTR of SUZ12 mRNA contains four miR-362-5p target sites at nucleotide positions 113--139, 449--472, 932--954 and 1,196-1,222 ([Fig. 4A](#f4-ol-0-0-10496){ref-type="fig"}). A previous study has demonstrated that SUZ12 acts as an oncogene in GC cells ([@b16-ol-0-0-10496]). However, whether SUZ12 is involved in the cisplatin resistance of GC cells is not fully understood. The mRNA and protein expression levels of SUZ12 in SGC7901/DDP cells were markedly higher compared with the SGC7901 cells based on RT-qPCR and western blot analysis ([Fig. 4B and C](#f4-ol-0-0-10496){ref-type="fig"}), which suggested that there may be an association between miRNA-362-5p and SUZ12 in cisplatin-resistant GC.

To study the role of SUZ12, si-SUZ12 was used to knock down SUZ12 expression in SGC7901/DDP cells, and the protein expression level of SUZ12 was significantly suppressed ([Fig. 5A](#f5-ol-0-0-10496){ref-type="fig"}). MTT assays confirmed that knockdown of SUZ12 in SGC7901/DDP cells treated with cisplatin for 48 h significantly decreased cell survival status (IC~50~, 2.569±0.479 µg/ml in SGC7901/DDP-SUZ12-siRNA cells vs. 5.097±0.629 µg/ml in SGC7901/DDP cells; P\<0.01; [Fig. 5B](#f5-ol-0-0-10496){ref-type="fig"}). Therefore, downregulation of SUZ12 enhanced the cisplatin sensitivity of SGC7901/DDP cells. SUZ12 has been demonstrated to act as a positive regulator of NF-κB signaling ([@b20-ol-0-0-10496]). In the present study, western blot analysis revealed that the NF-κB/p65 protein levels were significantly decreased following SUZ12-knockdown compared with the control group ([Fig. 5C](#f5-ol-0-0-10496){ref-type="fig"}).

Subsequently, the changes in the expression of SUZ12 protein were further evaluated by western blot analysis after the modulation of miR-362-5p expression. SUZ12 protein expression was significantly reduced in SGC7901/DDP cells transfected with miR-362-5p mimic compared with those transfected with its negative control ([Fig. 6A](#f6-ol-0-0-10496){ref-type="fig"}). Additionally, elevated expression of SUZ12 protein was detected following the downregulation of miR-362-5p in SGC7901 cells ([Fig. 6B](#f6-ol-0-0-10496){ref-type="fig"}). Taken together, the results of the present study demonstrated that miR-362-5p may modulate cisplatin resistance by targeting SUZ12.

### miR-362-5p sensitizes GC cells to cisplatin-induced apoptosis

A previous study has demonstrated that the development of chemotherapy resistance in a variety of cancer types is associated with decreased susceptibility to drug-induced apoptosis ([@b21-ol-0-0-10496]). Therefore, it was hypothesized that miR-362-5p may also serve a role in the cisplatin resistance of GC cells through the modulation of apoptosis. To test this hypothesis, cisplatin-induced apoptosis in SGC7901 and SGC7901/DDP cells transfected with miR-362-5p negative control, mimic or inhibitor, as well as untransfected cells, was quantified by flow cytometry. Additionally, the protein expression of apoptotic markers caspase-3 and cleaved PARP was determined by western blotting. The activation of caspase-3 and its downstream target PARP mediate apoptosis by chromatin condensation and DNA fragmentation ([@b22-ol-0-0-10496]). Following 48-h treatment with cisplatin at a final concentration of 0.8 µg/ml, the SGC7901/DDP cells overexpression miR-362-5p exhibited significantly higher apoptotic rates and expression levels of caspase-3 and cleaved-PARP compared with the control cells ([Fig. 7A and B](#f7-ol-0-0-10496){ref-type="fig"}). Furthermore, following 48-h treatment with cisplatin at a final concentration of 0.3 µg/ml, the SGC7901 cells transfected with miR-362-5p inhibitor displayed significantly lower cisplatin-induced apoptosis, and expression levels of caspase-3 and cleaved-PARP compared with the control cells ([Fig. 7C and D](#f7-ol-0-0-10496){ref-type="fig"}). Taken together, the results of the present study demonstrated that miR-362-5p may modulate the cisplatin resistance of human GC in part by sensitizing cells to cisplatin-induced apoptosis.

Discussion
==========

GC is one of the most common types of malignancy worldwide ([@b1-ol-0-0-10496]). To date, surgery and chemotherapy have been the major methods of GC treatment ([@b23-ol-0-0-10496]). For post-operative patients with GC or patients with unresectable GC, chemotherapy may increase survival rates ([@b3-ol-0-0-10496]). Cisplatin-based chemotherapy, as the most common chemotherapy regimen for GC, induces tumor cell death through DNA damage ([@b24-ol-0-0-10496]). However, its therapeutic effectiveness is limited, as demonstrated by the occurrence of cisplatin resistance, which is the primary cause of disease recurrence and metastasis, and which results in GC treatment failure ([@b4-ol-0-0-10496]). Numerous studies ([@b25-ol-0-0-10496]--[@b27-ol-0-0-10496]) have indicated various mechanisms of drug resistance; for instance, mutations of target genes, increases in drug efflux, enhancement of DNA repair activity or dysfunction of pro-apoptotic proteins, the mechanisms of cancer cell drug resistance are still not clearly understood. Therefore, the identification of novel molecular mechanisms of cisplatin resistance is urgently needed to improve the survival status of patients with GC.

miRNAs have been demonstrated to regulate the progression of various types of cancer ([@b28-ol-0-0-10496],[@b29-ol-0-0-10496]). It has been extensively reported that miRNAs can modulate cisplatin resistance in tumor cells. For instance, it has been reported that miR-130a targeting copper transporter protein 1 ([@b30-ol-0-0-10496]) and miR-1284 targeting high mobility group box 1 ([@b31-ol-0-0-10496]) can regulate cisplatin resistance in cervical cancer. Furthermore, miR-144-3p targeting nuclear factor erythroid 2-related factor 2 ([@b32-ol-0-0-10496]) and microRNA-133b targeting epidermal growth factor receptor ([@b33-ol-0-0-10496]) also regulate lung cancer resistance to cisplatin. To explore novel molecular mechanisms of cisplatin resistance, the differential miRNA expression profiles among GC cells (cisplatin-resistant SGC7901/DDP cells vs. cisplatin-sensitive SGC7901 cells) were determined by miRNA microarray analysis. A total of 48 miRNAs, including miR-362-5p, were identified as significantly differentially expressed (by \>2-fold). miR-362-5p, which was identified by the miRNA microarray screen and confirmed by RT-qPCR analysis, was notably downregulated in human GC SGC7901/DDP cells compared with SGC7901 cells. Therefore, it was hypothesized that miR-362-5p may be involved in the cisplatin resistance of GC cells. Though miR-362-5p has been reported to contribute to the regulation of cancer processes ([@b11-ol-0-0-10496],[@b12-ol-0-0-10496]), its role in SGC7901/DDP cells is not fully understood. Results from the present study demonstrated the regulation of miR-362-5p in GC SGC7901 and SGC7901/DDP cells. The results also revealed that upregulation of miR-362-5p in GC cells increased cisplatin sensitivity and cisplatin-induced apoptosis, whereas downregulation of miR-362-5p in GC cells attenuated cisplatin sensitivity and cisplatin-induced apoptosis. These results revealed that miR-362-5p may act as a novel effector molecule that serves crucial roles in the regulation of the cisplatin resistance of GC cells.

Generally, miRNAs bind to a target mRNA at the 3′-UTR to promote target mRNA degradation or block target mRNA translation ([@b6-ol-0-0-10496],[@b7-ol-0-0-10496]). Bioinformatics analysis predicted that SUZ12 may be a target of miR-362-5p. SUZ12 is a carcinogenic factor and a catalyst of migration and invasion in various cancer types ([@b16-ol-0-0-10496]--[@b18-ol-0-0-10496]). The expression of SUZ12 is significantly increased in GC tissues, and increased SUZ12 expression promotes GC cell proliferation and metastasis ([@b16-ol-0-0-10496]). Furthermore, SUZ12 is involved in long non-coding RNA (lncRNA)-mediated promotion of cancer progression ([@b34-ol-0-0-10496]). However, whether SUZ12 is involved in the cisplatin resistance of GC cells is still unknown. To verify whether the cisplatin resistance induced by miR-362-5p was mediated through SUZ12, further experiments are required. The results of the present study demonstrated that the SUZ12 expression level in SGC7901/DDP cells was markedly higher compared with expression in SGC7901 cells and that knockdown of SUZ12 enhanced the cisplatin sensitivity of SGC7901/DDP cells. These results implied that SUZ12 may act as a promoter of cisplatin resistance in GC. Notably, a previous study has confirmed that SUZ12 acts as positive regulator for NF-κB signaling ([@b20-ol-0-0-10496]). The NF-κB signaling pathway is involved in anti-apoptosis, inflammation and immunity. The present study demonstrated that the NF-κB/p65 protein levels were significantly decreased following knockdown of SUZ12. Therefore, SUZ12 may inhibit the cisplatin-induced apoptosis of GC cells by increasing the expression of NF-κB/p65. Notably, SUZ12 protein expression was increased in SGC7901 cells transfected with miR-362-5p inhibitor. By contrast, the expression levels of SUZ12 protein were reduced in SGC7901/DDP cells with upregulated miR-362-5p expression. Therefore, SUZ12 may be a target of miR-362-5p in GC cells.

In summary, the results of the present study revealed that miR-362-5p may sensitize SGC7901/DDP cells to cisplatin by regulating the SUZ12/NF-κB/p65 pathway. miR-362-5p may be a potential therapeutic target in combination with anti-GC chemotherapies. One potential adjunct therapy may be treatment with mimics that reinforce the expression and function of miR-362-5p. However, miR-362-5p may also non-specifically bind to other functional mRNAs to cause adverse side effects. In addition, it should be noted that experiments were conducted in only one type of GC cells. Further investigation on miR-362-5p function is therefore required.
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![miR-362-5p expression in cisplatin-resistant SGC7901/DDP cells is lower compared with cisplatin-sensitive SGC7901 cells. (A) Microarray assay of miRNA expression levels in gastric cancer cells. Hierarchical clustering of miRNA expression levels in SGC7901/DDP cells relative to SGC7901 cells. Red represents high relative expression; green represents low relative expression. Upregulated and downregulated miRNAs were defined by P\<0.05 and \>2-fold difference in expression relative to the control cells. The arrow indicates miR-362-5p. (B) Reverse transcription-quantitative PCR analysis demonstrated that miR-362-5p was significantly downregulated in the SGC7901/DDP cells compared with SGC7901 cells. n=3; \*\*\*P\<0.001 vs. SGC7901; miRNA, microRNA; miR-362-5p, microRNA-362-5p.](ol-18-02-1607-g00){#f1-ol-0-0-10496}

![Upregulation of miR-362-5p reverses the cisplatin resistance of SGC7901/DDP cells. (A) Light microscopy (magnification, ×100) and (B) lentiviral transfection assay of SGC7901/DDP cells (magnification, ×100). Cells that were successfully transfected expressed green fluorescent protein. (C) Reverse transcription-quantitative PCR analysis demonstrated that the expression level of miR-362-5p was markedly increased in SGC7901/DDP cells transfected with miR-362-5p mimic compared with NC-transfected and untransfected cells. (D) Viability of cells treated with cisplatin for 48 h. MTT assays were conducted on SGC7901/DDP cells treated with various concentrations of cisplatin (0, 0.75, 1.25, 2.5, 5, 10 or 20 µg/ml). The IC~50~ for cisplatin was estimated based on the cell viability. The IC~50~ for cisplatin of the miR-362-5p mimic-transfected cells was notably lower compared with the controls. n=3; \*\*\*P\<0.001 vs. SGC7901/DDP-NC and SGC7901/DDP; \*\*P\<0.01 vs. SGC7901/DDP-NC and SGC7901/DDP; IC~50,~ median inhibitory concentration; miR-362-5p, microRNA-362-5p; NC, negative control.](ol-18-02-1607-g01){#f2-ol-0-0-10496}

![Inhibition of miR-362-5p reduces the cisplatin sensitivity of SGC7901 cells. (A) Light microscopy (magnification, ×100) and (B) lentiviral plasmid transfection assay of SGC7901 cells (magnification, ×100). Cells that were successfully transfected expressed green fluorescent protein. (C) Reverse transcription-quantitative PCR analysis demonstrated that the expression level of miR-362-5p was markedly decreased in SGC7901 cells transfected with miR-362-5p inhibitor compared with the control groups. (D) Viability of cells treated with cisplatin for 48 h. MTT assays were conducted on SGC7901 cells treated with various concentrations of cisplatin (0, 0.125, 0.25, 0.5, 1.0, 2.0 or 4.0 µg/ml). The IC~50~ for cisplatin was estimated based on the cell viability. The IC~50~ for cisplatin of SGC7901 cells transfected with miR-362-5p inhibitor was notably higher compared with the control groups (P\<0.01). n=3; \*\*P\<0.01, \*\*\*P\<0.001; IC~50,~ median inhibitory concentration; miR-362-5p, microRNA-362-5p; NC, negative control.](ol-18-02-1607-g02){#f3-ol-0-0-10496}

![SUZ12 may be associated with miRNA-362-5p in cisplatin-resistant GC cells. (A) Putative target sites of miR-362-5p at nucleotide positions 113--139, 449--472, 932--954 and 1196--1222 in the 3′-UTR of SUZ12 mRNA. (B) Reverse transcription-quantitative PCR analysis demonstrated that SUZ12 mRNA expression level was significantly higher in the SGC7901/DDP cells compared with the SGC7901 cells. (C) Western blotting revealed that the SUZ12 protein level was higher in the SGC7901/DDP cells compared with the SGC7901 cells; β-actin was used as a loading control. n=3; \*\*P\<0.01. 3′-UTR, 3′untranslated region; miR-362-5p, microRNA-362-5p; SUZ12, suppressor of zeste 12 protein.](ol-18-02-1607-g03){#f4-ol-0-0-10496}

![SUZ12 acts as a promoter of cisplatin resistance in GC cells. (A) Western blotting demonstrated that the protein expression level of SUZ12 was significantly reduced by si-SUZ12 transfection; β-actin was used as a loading control. (B) Viability of cells treated with cisplatin for 48 h. MTT assays were conducted on SGC7901/DDP cells treated with various concentrations of cisplatin (0, 0.75, 1.25, 2.5, 5, 10 or 20 µg/ml). The IC~50~ for cisplatin was estimated based on the cell viability. The IC~50~ for cisplatin of the SGC7901/DDP cells transfected with SUZ12-siRNA was notably lower compared with the control cells (P\<0.01). (C) Western blotting demonstrated that NF-κB/p65 protein level was decreased in SGC7901/DDP cells transfected with SUZ12-siRNA compared with control cells; GADPH was used as a loading control. n=3; \*P\<0.05; \*\*P\<0.01; IC~50,~ median inhibitory concentration; miR-362-5p, microRNA-362-5p; NC, negative control; siRNA, short interfering RNA; SUZ12, suppressor of zeste 12 protein.](ol-18-02-1607-g04){#f5-ol-0-0-10496}

![Negative regulation of SUZ12 protein expression by miR-362-5p. (A) The SUZ12 protein level in SGC7901/DDP cells transfected with miR-362-5p mimic was decreased compared with NC-transfected and untransfected cells. (B) The SUZ12 protein expression level was elevated in SGC7901 cells transfected with miR-362-5p inhibitor compared with control cells. n=3; \*P\<0.05; miR-362-5p, microRNA-362-5p; NC, negative control; SUZ12, suppressor of zeste 12 protein.](ol-18-02-1607-g05){#f6-ol-0-0-10496}

![miR-362-5p sensitizes gastric carcinoma cells to cisplatin-induced apoptosis. (A) Flow cytometry and (B) western blot analysis results demonstrated an increase in apoptotic rate (%) and the expression of apoptotic markers (caspase-3 and cleaved-PARP), respectively, following 48-h cisplatin treatment (final concentration of 0.8 µg/ml) in SGC7901/DDP cells transfected with miR-362-5p mimic compared with control cells. (C) Flow cytometry and (D) western blotting results indicated significant decreases in apoptotic rate and the expression of apoptotic markers (caspase-3 and cleaved-PARP), respectively, after 48-h cisplatin treatment (final concentration 0.3 µg/ml) in SGC7901 cells treated with miR-362-5p inhibitor compared with control cells. Columns indicate the mean of three independent experiments. \*P\<0.05; \*\*\*P\<0.001. AV, annexin V-FITC; miR-362-5p, microRNA-362-5p; NC, negative control; PARP, poly-\[ADP-ribose\] polymerase; PI, propidium iodide.](ol-18-02-1607-g06){#f7-ol-0-0-10496}
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